This article discusses the detection of mixed modulation, i.e., simultaneous amplitude and frequency modulation (MM). The investigations have incorporated both a sine wave modulating signal and an irregular modulating signal, a very narrow noise band, of a specified center frequency. The results revealed that for a sinusoidal low-frequency modulating signal, amplitude and frequency changes that were separately subthreshold could be detected by listeners in mixed modulation. This indicates summation of sensations caused by simultaneous AM and FM modulation. This effect was not observed in the case of the irregular modulating signal. A hypothesis is advanced that the perception of modulated signals is governed by two mechanisms, viz., temporal and spectral. The operation of the two mechanisms depends mainly on the modulating frequency. The type of modulation does not play any significant role in this case.
in one case do the experiments of Coninx I suggest a relation between the amplitude modulation threshold and the coexisting frequency modulation, with other signals absent. In this case, one can say that when the phases of modulating signals are coincident under particular experimental conditions, i.e., for the carrier frequency of 8 kHz and the modulating frequency of 5 Hz, the coexistence of two modulation types is related to a "summation" of sensations caused by both modulation types.
When phases between modulating signals are opposed, the interaction between these two modulation types does not affect significantly the values of thresholds, which are approximately independent of the coexisting, subthreshold modulation. Generally, one can say that Coninx's investigations suggest the existence of two independent perception mechanisms of amplitude and frequency changes. Coexistence between changes of amplitude and frequency, shown on the basis of asymmetric shapes of just-detectable modulation curves, can be explained, according to Coninx, not on the basis of one perception mechanism of amplitude and frequency changes but on the basis of influences of amplitude on the pitch and of frequency on the loudness of the signal. The latter problem has been discussed in detail by Czajkowska. 9 In a second article by Coninx, 2 an attempt was made to explain differences in perception of MM signals with coincident and opposed phases between modulating signals on the basis of the conversion of amplitude and frequency changes to, respectively, loudness and pitch changes. ulating signal is a sample function of a stationary ergodie process, with a normal probability distribution. Then it is possible to determine its autocorrelation function and an rms value and, moreover, an autocorrelation function of the modulated signal. Using also the Wiener-Khinchin theorem, it is possible to determine the power spectral density function of the modulated signal. This method of determining the spectrum of the modulated signal is troublesome in practice as it becomes necessary, in the case of correlated signals that modulate amplitude and frequency, to look for the probability distribution for the product of the random signal and its integral.
Moreover, this method does not help to obtain a direct measure of the magnitude of modulation. The definition of this magnitude, however, is indispensable for measurement purposes. Therefore, in order to determine the spectrum of a tone modulated by a random signal, a certain simplifying assumption about a random modulating signal has been adopted here. The modulating signal, a very narrow noise band in our investigations, can be approximated by a tone whose frequency equals the center frequency of the band and whose amplitude equals the rms value of the noise waveform, i.e., n(t) = x,r• cos co,•t,
where a denotes the variance of the noise waveform.
Assuming that phase shift 9o -•p between the amplitude and frequency modulating signal equals zero, the temporal and spectral forms of the modulated signal can be written as that of the tone modulated signal, i. 
denote, respectively, the rms index of the amplitude modulation and the rms index of the frequency modulation, and k, k' are apparatus constants. Equation (7) says that the spectrum of a tone AM and FM modulated by a noise band is similar to the spectrum of the sinusoidally modulated tone; however, sidebands appear instead of spectral components. The former is the representation of the modulating signal.
An identical result can be obtained if one assumes that the modulating noise band consists of a finite number of components having appropriate amplitudes and frequencies that are within this band. The above form of the spectrum of AM and FM tones modulated by a random signal has been fully confirmed by the results of spectral analysis of modulated signals that were audio monitored in the course of the investigations.
II. AIM OF THE INVESTIGATIONS, EQUIPMENT, AND METHODOLOGY OF MEASUREMENTS
The basic aim of the investigations was to analyze the modulation detection thresholds for changes occurring in a signal simultaneously amplitude and frequency modulated (MM). Two cases were considered. The first case used a regular sinusoidal signal as a modulating signal, whereas the second case used an irregular random signal as a modulating signal. The random signal has not previously been used in experiments of this type. It is worth pointing out that the application of a random modulating signal helped bring the aspect of the experiment closer to that of the perception of real sounds, for example, the sounds of speech and music, which, as is known, are characterized by irregular changes of amplitude and frequency.
Moreover, using the random modulating signal permits an interesting comparison between modulation detection thresholds for regular and irregular changes of the physical characteristics of the MM signal.
The measurement equipment's main unit was a special generator whose output amplitude and frequency could be controlled by an external voltage. Depending on the kind of investigations, the voltage came from a sine generator or from a white noise generator with a system of filters.
Simultaneous In the case of the irregular modulating signal, measurements were carried out for a carrier signal of 1000 Hz and for three bands of modulating noise with a width of 1.5% of their center frequencies of 4, 64, and 400 Hz.
In all our investigations the signal was delivered to one ear of the listener through SN 60 headphones. The intensity level of the signal was constant, viz., 75 dB, and the phase shift between the signal modulating amplitude and frequency was equal to zero.
The methodology that guided our procedures was a combination of the adjustment method and the method of limits. According to this methodology, the listener used a special control knob to set a value of the modulation depth or a value of frequency deviation that he considered a just-de- Threshold values calculated for the ascending series were numerically different from those calculated for the descending series. If the results of both series were to be used globally, it was necessary to determine through statistical testing whether they come from the same population. For this purpose, the compatibility test and the sum of ranks test (Wilconxon's) were applied. Furthermore, the FSnedecor test was used to test values of standard deviations so that it was possible to find out whether the difference between them in both series is significant.
The results of all the tests were positive (at the significance level 0.05). Thus, it could be concluded that the results of both series came from the same population and, consequently, they could be used globally. In the investigations in question, two listeners with audiologically normal hearing took part.
III. RESULTS AND THEIR ANALYSIS
In the first part of the investigations, two separate modulation thresholds, i.e., amplitude modulation and frequency modulation, were determined in order to make comparisons between sets of data found in the literature and to verify the adopted methodology. The investigations were carried out for the regular and the irregular modulating signal. The results are shown in Fig. 2(a) Fig. 3(b) ]. There, the MM threshold is independent of the existing changes of signal amplitude established by the amplitude modulation. The difference between MM thresholds for the regular (sinusoidal) and irregular (random) modulating signal is rather surprising since, in the case of amplitude or frequency modulations investigated separately, threshold values for both kinds of the modulating signal, i.e., regular and irregular, were very similar [cf. Fig. 2(a) and (b) ]. 
It follows from Eq. (I0) that at the mixed modulation threshold the frequency modulation index/• is linearly related to the amplitude modulation percentage m. Approximately such a relation can be seen in Fig. 4(a) .
In the case of an irregular modulating signal, a similar situation is found. The data are shown in Fig. 4(b) . Also here, within a certain range, one observes a linear increase of the frequency modulation index as the depth of amplitude modulation increases. This means that the regularity or irregularity of rapidly occurring changes of physical characteristics does not have a significant influence on detection. 
